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ABSTRACT 

This  project  was  dedicated  to  investigate  and  engineer  novel  properties  of  oxide  based 
materials,  nanostructures  and  devices  with  properties  that  are  not  available  in  bulk  materials. 
The  proposal  is  based  on  common  interest  and  complementary  expertise  of  two  co-PIs 
specializing  in  synthesis  and  transport  (Schuller)  and  nanoscaled  characterization  (Shpyrko). 
We  aimed  to  demonstrate  tunability  and  control  of  these  properties  by  incorporating  oxides 
in  devices  with  innovative  architecture. 

The  extensive  number  of  publications,  in  high  impact  journals  and  the  large  number 
of  invited  talks  indicates  that  this  is  a  very  successful  project,  with  a  major  impact  on  the 
field.  This  project  is  an  important  ingredient  in  at  least  five  PhD  theses,  had  the  participation 
of  3  postdoctoral  fellows  and  (no  cost)  contribution  from  visitors. 

EXECUTIVE  SUMMARY 

This  project  leverages  funding  from  AFOSR  through  extensive  collaboration  with 
colleagues  at  UC  San  Diego,  Germany,  Colombia,  France,  Israel,  Argonne  National  Labs  and 
Stanford  Linear  Accelerator  Lab.  In  many  cases  we  developed  and  used  novel  and  unique 
experimental  facilities,  which  are  not  accessible  to  us  in  our  labs.  This  project  also  benefits 
from  the  no-cost  contribution  of  researchers  that  are  spending  extended  periods  of  times  at 
UCSD,  as  well  as  many  of  the  National  Lab  staff  and  the  use  of  major  national  facilities. 
Graduate  students  and  postdoctoral  fellows  are  intimately  involved  in  every  aspect  of  this 
research. 

I.  ACCOMPLISHMENTS 

We  have  done  several  unique  experiments  to  investigate  the  origin  of  the  voltage-induced 
metal-insulator  transition  in  VO2  and  V2O3  nanodevices.  We  find,  using  tour-de-force,  local, 
submicron  thermometry  and  Low  Temperature  Scanning  Electron  Microscopy  that  the 
nucleation  of  the  metal-insulator  transition  has  a  large  thermal  component.  These 
measurements  arose  from  independent  measurements  of  hot  spots  in  other  types  of  oxides, 
which  allowed  development  of  the  microscopy  technique.  We  have  used  the  structural  phase 
transition  of  V  oxide  to  induce  large  changes  in  the  properties  of  magnetic  materials.  We 
have  incorporated  V  oxide  into  a  spin  device  to  investigate  spin  propagation  across  interfaces 
and  address  an  important  outstanding  issue  in  the  field  regarding  the  effect  of  resistive 
mismatch  on  spin  propagation.  Frequency  dependent  impedance  measurements  have  shown 
the  presence  of  filaments  across  the  metal-insulator  transition. 

We  have  made  several  major  discoveries  during  the  lifetime  of  this  project.  We  found 


that  the  metal  insulator  transition  in  VO2  can  be  induced  by  X-ray  irradiation.  This  implies  a 
very  unique  physical  mechanism  for  the  metal-insulator  transition  and  it  also  opens  up  the 
possibility  for  the  preparation  of  unique  nano  structured  materials.  A  second  major  discovery 
is  the  giant  enhancement  of  the  coercivity  of  thin  magnetic  films  when  they  are  in  proximity 
to  an  oxide  (such  as  V2O3),  which  undergoes  a  first  order  metal  insulator  transition.  This  is 
the  first  time  that  property  transfer  has  been  found  between  an  oxide  and  a  magnetic  material. 
This  is  also  may  serve  as  the  basis  for  a  number  of  applications  in  the  area  of  magnetic 
memory  storage  and  energy  conversion. 

II.  PRACTICAL  RESULTS 

The  results  were  summarized  in  a  series  of  13  papers  in  first-rate  refereed  journals, 
were  part  of  6  PhD  theses,  presented  as  invited  and  contributed  talks  at  major  meetings,  and 
had  a  major  influence  on  the  education  of  graduate  students  and  postdoctoral  fellows. 


This  research  has  also  been  crucial  in  the  education  of  several  PhD  students  (Ilya 
Valmiansky,  Mikhail  Erekhinsky,  Ali  Basaran,  Siming  Wang,  Sebastian  Dietze,  Elsa  Abreu), 
providing  important  practical  training  and  impacting  their  thesis  work  in  many  positive  ways. 
Several  postdoctoral  fellows  (Juan-Gabriel  Ramirez,  Thomas  Saerbeck,  Jose  de  la  Venta) 
have  contributed  to  the  research  outlined  above.  It  is  important  to  highlight  that  much  of  the 
research  being  done  under  this  project  benefits  from  extensive  collaborations  with  chemist, 
physicists  and  engineers  at  UCSD  and  other  institutions,  thus  the  young  investigators  are 
exposed  to  an  important  modality  of  multidisciplinary,  collaborative  research. 


This  proposal  has  substantially  contributed  to  the  training  and  education  of  the  new 
generation  of  the  US  scientific  workforce:  the  UCSD  graduate  students  and  postdocs 
associated  with  this  project  that  have  finished  their  tenure,  are  currently  employed  in 
industry,  national  labs  and  academia.  They  are  also  developing  independent  research  in 
related  fields.  Several  of  the  young  collaborators  are  in  the  middle  of  their  PhD  studies  or 
postdoctoral  fellowships,  some  of  the  work  was  finished  during  their  spare  time  since  the 
funding  ended  before. 


Development  of  novel  synthesis  and  characterization  methods  in  area  of  Nano-Oxides 
paved  the  way  to  many  on-going  projects,  such  as  ultrafast  diffraction  beamtime  at  the  Linac 
Coherent  Light  Source  (LCLS),  worlds-first  x-ray  free  electron  laser  facility,  scheduled  for 
Jan.  2016. 
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